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Preface 

The work described in this report was performed by the Guidance and Control 
Division of the Jet Propulsion Laboratory. The report describes the modified 
balloon flight system and the results of three out of four planned series of balloon 
flights conducted with the cooperation of the National Center for Atmospheric 
Research (NCAR), National Scientific Balloon Facility (NSBF), located in Palestine, 
Texas. 
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Abstract 

lli^rl^altitude balloon flights for solar cell calibration were resumed in Noveml)er, 

1973, after a three-year interval, lour flights were successfully completed, and all 
objectnes of the flight program were met. The balloon flights v,rere conducted by 
N/\SA/JFL through the cooperation and as.sjstance of the National Science 
Foundation's National Scientific Balloon Facility located in Palestine, Texas. Each 
balloon flight carried 37 standard solar cells lor calibration above 99.5% of the 
earth’s atmosphere. The solar cells were assemUed into standard modules with 
appropriate resistors to load each cell ui short-circuit current. In turn, each 
staiulardi/ed module was mounted at the apex of the balloon on a sun tracker 
which auton.atic^ally maintained normal incidence to the sun within ±1.0 deg. The 
balloons were launched to reach a float altitude of approximately 36.6 km (120,(KK) 
ft) two hours before solar noon and reraain at float altitude for two hours beyond 
solar noon. Telemetered calibratioei data on each standard solar cell was collected 
during the float period and recorded on magnetic tape. 

The magnetic tape was subse(|uently returned to JPL for data reduction and 
analysis. .At the end of each float period the solar cell payload was separated from 
tlic balloon by radio command and descended via parachute to a ground recovery 

crew. Standard solar cells calibrated and recovered in this manner are used as | 

primary intensity reference standards in solar simulators and in terrestrial sunlight § 

for evaluating the performance of other solar cells and solar arrays with similai 
spe(±nd response characteristics. This is now the most widely accepted technique 
for developing space standard solar cells in the United States. 
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Results of the 1973 NASA/JPL Balloon 
Flight Solar Cell Calibration Program 


h Introduction 

For well over a decade, the primary source ot electrical 
power for unmanned space<’raft and, more recently, for 
the manned Skylab, has l>een the direct conversion of solar 
energy through the use of solar cells. It is essential to the 
design of an array capable of meeting spacecraft 
requirements that the in-flight power output from these 
cells be accurately predictable from measurements 
previously made from either solar simulators or terrestrial 
sunlight. Since the short-circuit current of a solar cell is 
directly proportional to solar intensity, at least over a 
limited range, a calibrated solar cell may be obtained by 
accurately measuring its short-circuit current in a 
reference light source. For this purpose, the reference 
light source Is extraterrestrial sunlight at a known earth- 
sun distance. To fill the need for accurately calibrated 
solar cells, JPL has established this solar cell calibration 
program using liigh-altitude balloon flights. 

The altitude selected for the 1973/spring 1974 series of 
balloon flights was 36.6 km (120 left). Hiis choice was 
based on prior experience and was expected to eliminate, 
as much as possible, the effects of solar radiation 
absorption by the earth’s atmosphere. When the spectral 
response of a majority of the solar cells (0.4 to 1.2 fim) is 
taken into consideration, the s>oiar radiation at 36.6 lun is 


essentially that of space sunlight. Table I shows the 
attenuation of solar radiation by the earth’s atmosphere as 
a function of pressure and altitude over discrete wave- 
length regions throughout the solar spectrum (Ref. 1). 

li. Use of Standard Solar Cells 

Standard solar ceils, calibrated by means of high-altitudc 
balloon flights, are maintained and provided as a service to 
the photovoltaic community at large for flight and 
advanced development programs. The standards can be 
used in either of two ways. 

(1) When used with artificial light sources, the standard 
cell is placed in the light beam and the intensity is 
adjusted until the output of the standard cell is 
equivalent to the 1 AU value or to any desired ratio 
of the calibrated value. The temperature of the 
standard cell is held constant at the standard 
temperature of 301.15 K (28'"C). Once the intensity 
of the artificial light source has been set, the ceils 
and/or panel that is to be measured is placed in the 
light beam and their parameters are then measured. 

(2) When used as a calibration standard in tene»trial 
sunlight, the standard cell is placed in the same field 
of view as the solar cells or solar array being 
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Table 1. Attenuation of »olar radiation by the earth's atmosphere (from Ref. 1) 


0.20 to 
0.29 


Wavdcngth regions, /4m 


0.32 to 035 

0.35 to 0.55 

0.55 to 0.9 0.9 to 2.5 

2.5 to 7 

0.32 





Aitimde, 

km 


al^rbs 

almost 

60 completely. 


20 108 33 


( 0.20 to 
0.21 /an, 
absorption 
by O 3 

Absorption absorpiien 
by O 3 

appreciable, important. 


Solar inadiation intensity approxnnates cxua atmospheric. 
Attenuation by scattering increases m^kedly toward shorter 
wavelengths. 


Energy 

small 


CHEMOSTOERE 


60 to 33 


Sea level • 


No 

radiation 

penetrates 

below 

about 

llkm. 


absorption 
attenuates 
more than 
loss by 
scattering. 


absorption 

significantly 

attenuates 

radiation. 


Irradiation 
dimini^d 
mostly by 
scattering 
by 

permanent 
gases in 


H 2 O responsible for 
major absorption; 
CO 2 absorbs slightly 
at 2 /im. Water vapor 
(or ice crystals) 
found up to about 


Stror^ O 3 
absorption 
at 9.6 /an. 
Strong CO 2 
absorption 
12-17 /An. 


atmosphere. 70,000 feet. 


Highly variable du^t. Energy 

haze (H 2 O), and smoke transmitter 
responsible for attenu- with small 
ation in regions 0.32 to loss down 
0.7 /An. to 2 km. 


Appreciable 

penetration 

through 

“clear” 

atmosphere 

to sea level. 

AboutjAbout 
7% 30% 


Penetratioii 
through 
“clear” 
atmosphere 
to sea level 
about 40%. 


Dust may rise to more 
than 4 kilometers. 


*NASA/JPL balloon flight program altitude = 36.6 km (120 kft). 

*^Oncmbar= lOON/m^. 

^Nomenclature recommended by International Union of Geodesy and Geophysics (1U(3G). 
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Energy 

No 


penetrates 

significant 


to sea 

penetration 


level only 

below 2 km. 

Energy 

tbfou^ 

except in 

transmitted 

“windows” 

“windows” 

with 

at approxi- 

at approxi- 

motkrate 

mately 1 . 2 , 

mately 3.8 

loss. Many 

1 . 6 , and 

and 4.9 /An. 

absorption 

2.2 /An. 

1 


bands <hie 
to atmos- 
i^erK gases. 


TROPOSPHERE 




measured. Provisions should l>e made to maintain 
the standard eell at the standard temperature. If tb»s 
is not practical, then the temperature of the 
standard c ell must l>e measurcnl and the output value 
corrected through application of the temperature 
coefficient. Tlie output value of the standard solar 
c*ell is used to determine the incident solar radiation 
on the photovoltaic devices under test by direct 
ratio. 


III. Balloon Flight Payloads 

Payloads for the 1973/spring 1974 series of halloor^ 
Hights comprised many types and configurations of solar 
cells. The solar cell packages were supplied by the 
organizatioas who participated in these series of flights 
(see Table 2). 

To ensure compatibility with mechanical and electrical 
requirements of the balloon flight system, all packages 
were fabricated in accordance with the JPL Procedure for 
Balloon Flight Solar Cell Modules (Ref. 2). This procedure 
delineates physical size, mounting hole d^/nensions, 
dielectric insulation, and load resi' tor values in addition to 
material selection and assembly techniques. 

The modules were shipped to JPL on or before a 
preseril)ed date for general workmanship and mechanical 
tolerances inspection. The modules were then given a 
preflight calibration measurement under the JPL X-25L 
Spectrolab Solar Simulator. This calibration served to 
correlate data supplied by the various organizations, taken 
with their own solar simulators and using their own 
calibration techniques. In general, correlation between the 
different organizations and the JPL Solar Simulator held to 
within ±2%. However, solar cells such as “Violet” and 
“Helios,” which have enhanced spectral response charac- 
tci?vtics in the shorter wavelength regions, exhibited 
values of only slight disagreement of approximately 1.5% 
between the JPL Solar Simulator and the resultant balloon 
flights. 

Differences in correlation between the different partici- 
pating organizations are explained by the use of different 
light sources, operation and maintenance of spectral 
tolerance, different standard solar cells used to establish 
light intensity, and measurement error. The Jet Propulsion 
Laboratory employs close-filtered xenon light sources 
(X25L and X25 Mark II Spectrolab Solar Simulators) 
which approximate space sunlight. Most organizations 
now employ this same type of solar simulator although, in 
the past, tungsten operate at 2800 K and carbon arc light 
sources have been used (Ref. 3). 


The fjolar cell modules furnished by the organizi tions 
li*^^ted in Table 2 were div ided into four separatt* payloads. 
Each payload is described separately in the latter sections 
of this report. 

IV. Balloon Flight Pf^rtormance 

A. Flight 73-0 (784-P) and Flight 73-X (801-PT) 

The initial attempt to launch a solar cell payload alter a 
three-year interval was unsuccessful, On Novtuiilx'r 16, 
1973, a launch failure inflicted serious damage to the sun 
tracker and to the solar cell payload. In the event solar 
cell modules are damaged, the JPI. .solar cell calibration 
program plan calls for spare modules to be on hand. And 
although many modules were damaged as a result of the 
launch failure, spare solar cell modules of the same type 
were available for replacement and were calibrated on 
subsequent flights. 

The failure was analyzed, the top-mounted payload 
redesigned, and the launch technique improved. On 
January 7, 1974, a test flight (73-X) using dummy payloads 
was successful and seemed to p»ove that design changes 
were adequate. 

B. Flight 73-1 (809-P) 

Balloon flight 73-1, with solar cell modules mounted on 
the top payload, was successfully launched at 0823 CDT 
on February 16, 1974. The lop payload weight was 
approximately 30 kg. A Raven 0.0254-mm tow balloon was 
used to help support the payload during launch. The 
launch, ascent, and float period were uneventful. Float 
altitude varied l^etv^een 35,966 and 36.271 m. The flight 
was terminated at M47 CDT, according to the aircraft 
radio communications log record book. Time of impact 
was not determined p.^'ccisely l^cause of nonreceipt of the 
radio beacon signal and lack of visual sighting. Impact was 
12.8 km northeast of Groesbeck, Texas. 

A preliminary investigation indicated that the parachute 
for the payload may noc have been fully deployed during 
the descent. It appeared that the risers from one pane; af 
the chute had wrapped around the other risers. Also, the 
parachute cords from the risers to the payload were 
tightly twisted and intertwined. There was some reason to 
suspect that the chute was turned inside out during its 
descent. The question appeared to be one of chute design: 
why did the chute perform satisfactorily on the experi- 
mental test flight (73-X) but not on the scientific flight? 
The only explanation given is the difference in weight of 
6.4 kg. Thus it was recommended that, in the future, 
before using any new gear for the first time, every 
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Tabi« 2. Solar ctN modula diftributlon and participatinc organliatlons for 1973/tpring 1974 sarias 

of baHoon ftightt 


Idemetry 

channel 

Might 73-1/ 
organization 

Might 73-2/ 
organization 

Flight 73-3/ 
urganizatiun 

Miglit 73-4/organi/ation 

1 

Goddard 

73-012 

Goddard 

73-011 A 

Goddard 

73-013 

Cfoddard 

73-015 

Scheduled 

2 

Lewis 

73-045 

Lew's 

73-046** 

(loddard 

73-014 

Goddard 

73-01 2 A 

Makeup 

3 

Lewis 

73-048 

Lewis 

73-044 

Lewis 

73-0^" 

Lewis 

73-051 

Scheduled 

4 

LSM(^ 

73-036 

HAC 

73-065 

LSMC 

73 .37 

Lewis 

73-053 

Scheduled 

5 

HA(' 

73-062 

HAC 

73-069 

HAC 

73-063 

Lewis 

73-047 

Makeup 

6 

HAC 

73-092 

HAC 

73-070 

HAC 

73-075 

HAC 

73-064 

Scheduled 

7 

HAC 

73-094 

HAC 

73-087 

HAC 

73-076 

HAC 

73-085 

Scheduled 

8 

HAC 

73-099 

HAC 

73-088 

HAC 

73-079 

HAC 

73-086 

Scheduled 

9 

HAC 

73-100 

CRL 

73-104 

HAC 

73-080 

HAC 

73-095 

Scheduled 

10 

COMSAT 

73-115 

COMSAT 73-1 14 

CRL 

73-102 

HAC 

73-096 

Scheduled 

11 

hi:k 

73-121 

ESTFr 

73-134 

ESTEC' 

73-142‘-' 

HAC 

75-066 

Makeup 

12 

liSTEC 

73-131N 

Marshall 

73-031 

ESTEC 

73-143'^ 

HAC 

73-090 

Makeup 

13 

ESTEC 

73-133 

Marshall 

73-033 

RCA 

73-164 

HAC 

73-091 

Makeup 

14 

TRW 

73-161* 

JPL 

73-001 

Marshall 

73-032 

HAC 

73-093 

Makeup 

15 

JPL 

73-007 

JPL 

73-002 

JPL 

73-153 

HAC' 

73-099S 

Makeup 

16 

JPL 

73-008 

JPL 

73-003 

JPL 

73-154 

CRL 

73-103 

Scheduled 

17 

JPL 

73-009 

JPL 

73-004 

JPL 

73-155 

HER 

73*123 

Scheduled 

18 

JPL 

73-010 

JPL 

73-005 

JPL 

73-156 

HER 

73-122 

Makeup 

19 

JPL 

73*151 

JPL 

73-006 

JPL 

73-r57 

ESTEC 

73-136 

Scheduled 

20 

JPL 

73-152 

JPL 

BFS401 

JPL 

73-158 

ESTEC 

73-137 

Makeup 

2! 

JPL 

73-X 

JPL 

BFS403 

JPL 

73-159 

ESTEC 

73-141 

Makeup 

22 

JPL 

BlSllOA 

JPL 

BFS404 

JPL 

73-160 

COMSAT 73-1 11 

Makeup 

23 

JPL 

BISllOB 

JPL 

BFS406 

JPL 

73-173 

Marshall 

73-034 

Scheduled 

24 

JPL 

BIS112A 

JPL 

BFS501 

JPL 

BFS113A 

TRW 

73-180 

Makeup 

25 

JPL 

BFS112B 

JPL 

BFS502 

JPL 

BFS113B 

JPL 

73-181 

Scheduled 

26 

JPL 

BES307 

JPL 

SM3-1 1 

JPL 

BFS115A 

JPL 

73-171 


27 

JPL 

BFS309 

JPL 

SM3-15 

JPL 

BFS115B 

JPL 

73-172 


28 

JPL 

BFS402 

JPL 

BFS02A 

JPL 

BFS506 

JPL 

73-176 Cu temp 


29 

JPL 

BFS503 

JPL 

BFS02B 

JPL 

BFS507 

JPL 

73-183 A1 temp 


30 

JPL 

BFS60I 

JPL 

BFS405 

JPL 

BFS508 

JPL 

BFS7007 


31 

JrL 

BFS518A 

JPL 

BFS517A 

JPL 

BFS520A 

JPL 

BFS7010 


32 

JPL 

BFS518B 

JPL 

BFS517B 

JPL 

BFS520B 

JPL 

BFS7011 


33 

JPL 

BFS518C 

JPL 

BFS517C 

JPL 

BFS520C 

JPL 

BFS604 


34 

JPL 

BFS7002 

JPL 

BFS7002 

JPL 

BFS7002 

JPL 

BFS605 


35 

JPL 

BFS505 

JPL 

BFS505 

JPL 

BFS505 

JPL 

BFS505 


36 

JPL 

BFS17A 

JPL 

BFS17A 

JPL 

BFS17A 

JPL 

BFS17A 


37 

38 

JPL 

BFS17B 

On-Sun 

JPL 

BFS17B 

On-Sun 

JPL 

BFS17B 

On-Sun 

JPL 

BFS17B 

On-Sun indicator 



“postflight analysis and test indicate that the positive terminal of this cell was shorted to its substrate and caused ground loop in telemetry. 
^This solar cell module replaced 73-042, which was found to be shorted to ground during preflight checkout. 

Solar cell module replaced with spare due to flight plan modification and/or found to be shorted during preflight checkout. 


Organization Code: 
GODDARD 

NASA Goddard Space Flight Center 

LEWIS 

NASA Lewis Research Center 

MARSHALL 

NASA Max^all Space Flight Center 

HAC 

Hughes Aircraft Co. 

TRW 

TRW Inc. 

HER 

Heliotek/Spec trolab 

LSMC 

Lockheed Missiles and Space Co. 

COMSAT 

Communications Satellite Corp. 

RCA 

Radio Corporation of America 

CRL 

Centralab Semiconductors 

ESTEC 

European Space Research Organization, European Space Research and Technology Centre 

JPL 

Jet Propulsion Laboratory /Caltech 
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reasonable inquiry should l>e made to determine whether 
any problems in Us use have ever been encountered. 
Insofar as the radio l)eacon sigtml and top payload are of 
concern, it was recommended that primary effort for 
reception and tracking l)e directed toward the scientific 
payload rather than the l)ottom payload. It was the 
opinion of the critique Imard that, If the radio l)eacon had 
l>een the primary signal monitored, It could have l>een 
more readily determined whether the scientific payload 
had impacted much earlier than planned and, therefore, 
the payload couH have l^een located much sooner. 

The top payload was lost for approximately one week 
and was finally found on the morning of February 25, 
1974, near Croesl^eck, Texas. It had come down in an 
open grassy field. The parachute had rotated during 
descent, and the shroud lines were wound around each 
other as indicated earlier. When impact oc‘Curred, the 
parachute fell inside the aluminum-hoop assembly, being 
pulled In by the twisted lines, and only a small area of the 
two-colored parachute was visible. The sun tracker was 
severely damaged. The solar cell payload had tipped over 
toward the north and turned upside down. The reflection 
.shield assisted in preventing damage to the cells. The solar 
cells were thus protected from direct sunlight and also 
from direct rainfall, although some splashing was evident 
on a few module.s. Temperatures during the time the 
payload wa.s missing never approached freezing. After 
recovery of the damaged electronics, sun tracker, and solar 
cell modules, the latter two items, including the test-data 
tape, were returned to JPL for repair and for processing 
of test data. 

Figure 1 shows the relative locations of the solar cell 
modules; a corresponding photograph of the payload Is 
shown in Fig. 2. 

s 

C. Flight 73-2 (814-P) 

Ballion flight 73-2, with solar cell modules mounted on 
the top payload, was successfully launched at 0842 CDT 
on April 5, 1974. All electronic systems operated as 
anticipated and good data was obtained The flight was 
terminated slightly earlier than planned because the 
balloon was heading toward Baton Rouge, Louisiana. At 
termination, the parachute for the top-mounted payload 
apparently failed to deploy properly, resulting in a much 
higher descent rate and a more severe impact than 
normal. 

Fortunately, the top payload landed in the relatively 
soft marsh area outside Baton Rouge. Although the top 


payload solar cells were subjected to this abnormal landing 
and mud, subsequent cleaning of the sun tracker, 
electronic equipment, and solar cel! modules indicated 
that only one cell had been damaged (73-046), In addition, 
the cover glasses of seven JPL solar cell modules had been 
chipped. Subsequently, electrical performance measure- 
ments made of the electronics, sun tracker, and solar cell 
modules indicated that only minor damage had occurred. 

As a result, the mag^icttc data tape was processed 
through the JPL comp iter, and copies of the results were 
sent to the participatin z organizations together with their 
solar cell modules. A diagram of the various solar cell 
modules showing their relative locations on the sun 
tracker for this flight (73-2) is shown in Fig. 3. A 
corresponding photog/aph of the payload for this flight is 
jhown in Fig. 4. 


D. Experimental Test Flight 73-XX (818 P) 

A second experimental test balloon flight, 73-XX, was 
launched on April ’ " 974, and a successful recovery was 

made. The primary ^ poses of this test flight were to 
check out the mo^fications made to the recovery radio 
beacon and the deployment of the modified descent 
parachute. The flight altitude attained during the flight 
was approximately 36,881 m; It was maintained for one 
hour. The descent time was about 36 min to touchdown. 
The descent rate was calculated to be about 6.4 m/s, 
which is indicated as being a normal descent rate by 
parachute. It was also interesting to note that the top 
payload is subjected to about 3 g when the chute deploys. 
As a result of this successful operation, the third of the 
planned series of four flights was once again resumed. 


E. Flight 73 3 (819-P) 

Balloon flight 73-3, with solar cell modules mounted on 
the top payload, was successfully launched at 0721 CDT 
on April 23, 1974. All electronic systems operated as 
anticipated and good data was obtained. A minor problem 
did occur, however, just prior to termination of flight at 
float altitude. Hie sun tracker photodiodes used to detect 
elevation alignment to the sun were apparently set at too 
great a sensitivity. This caused the sun tracker to go into 
an oscillation mode near termination of the mission. 
Fortunately, good data was received prior to this event 
and was returned to JPL for data reduction and 
processing. The rc^very phase of the flight to touchdown 
was uneventful; the payload was recovered on the same 
day (April 23). 
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Fig. 1. Solar call payload for balloon flight 73*1 
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Fig. 2. Solar call calibration modula location chart, balloon flight 73*1 
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Fig. 3. Solar cell for balloon flight 73*2 
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Fig. 4. Module location for balloon flight 73-2 
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Fij^irc 5 shows the various solar cell modules and their 
relative locations on the sun tracker for this flight (73-3). A 
photograph of the solar cell modules is shown in Fig. 6. 


F. Flight 73-4 (825 P) 

A final system check through the balloon electrical 
( able was completed May 6. Weather conditions for the 
launch on May 8 were nearly perfect and the balloon 
system ascended in a normal manner. From launch, the 
telemetry transmitter was on, and it functioned perfectly 
until the balloon reached float altitude, when it l)egan to 
operate intermittently. In order to take advantage of 
normal light wind conditions around sunrise, launch was at 
0715 CDT, and therefore the balloon reached float 
altitude about 0930 CDT, several hours before solar noon 
at 1300. Because of the transmitter problem and the early 
hour, the sun tracker was not turned on when the balloon 
reached float. At first, it was suspected that the difiiculty 
was in the receiving antenna, since the NSBF had never 
l>efore experienced an inflight transmitter failure. Several 
attempts to correct the transmitter malfunction were 
made by commanding the transmitter oflF and then on 
again, and by commanding the transmitter off for a 15-min 
cooling period and then turning it on, but no improvement 
was apparent. Basically, the transmitter was off about 90% 
of the time, coining on in short bursts of 2 or 3 s. 

It was decided to tuin the sun tracker on and have it 
locked on the sun, with everything ready in the event the 
transmitter stayed on for a significant period. Toward solar 
noon, it was oliserved that the transmitter had remained 
on for periods of several seconds and sometimes nearly a 
minute. While the transmitter was on, it was observed 
that the On-Sun Indicator registered an on-sun condition 
each time, thus indicating that the sun tracker was 
functioning properly. 

Only minimum data was recorded on tape, but it was 
believed that it would be sufficient for reduction and 
analysis. Backup data was recorded on teletype printout. 
Flight termination was as planned and the parachute 
descent of the sim tracker and solar cell payload was 
without incident and marked the first normal recovery of 
the top-mounted package. The sun tracker was only 
slightly damaged and the solar cell payload was found to 
be in perfect condition. 

A diagram of the various solar cell modules, showing 
their relative locations on the sun tracker for this flight 
(73-4), is shown in Fig. 7. Figure 8 is a corresponding 
photograph of the payload. 


V. Discussion of Soiar Cali Calibration Data 

A. Flight 73-0 Data 

Owing to the balloon failure at launch of flight 73-0, no 
data was obtained from the payload. 

B. Flight 731 Data 

Data obtained from t^ie solar cell payload was continu- 
ously recorded from the time the sun tracker was 
activated by telemetry command until the end of the 
required float period. Data taken prior to the float period 
is not normally used in the final data reduction procedure, 
l)ecause the .solar cell temperatures are changing rapidly 
and the sun tracker has difficulty in maintaining on-sun 
lock due to a higher degree of balloon rotation during the 
ascent phase of the flight. Data recorded from flight 73-1 
is questionable l>ecause of the synergistic effects caused by 
reflection from the protective hoop around the sun tracker 
and a shorted solar cell module, 73-161. The latter 
problem further complicated matters by producing a 
ground loop, causing an interference with the telemetry 
system. This problem was earlier thought to be caused by 
RF interference between the radio beacon and telemetry 
system. As a result of the above uncertainties, the 
calibration data is not included in this report for flight 73- 
1. Instead, a series of cross correlation measurements is 
suggested on these cells against cells calibrated on 
subsequent flights (73-^. through 73-4). 

C. Flight 73-2 Data 

Data obtained from the solar cell payload was continu- 
ously incorded in a manner similar to that of flight 73-1. 
Good data was obtained, yielding a high degree of 
confidence. Subsequent processing of the flight data 
through the JPL computer program confirmed the results 
obtained on ground teletype. Table 3 is a summary of the 
results of flight 73-2. The modules are listed by serial 
number and cross referenced to the telemetry channel 
number. The temperature and intensity adjusted average 
in millivolts is the computer-corrected solar cell output 
average of approximately 100 data points. This value has 
been corrected to 1 AU (average earth-sun distance) and 
from the cell flight temperature to 28^C if a temperature 
coefficient value was supplied by the participant. If the 
cell temperature coefficient was unknown, then the value 
listed is only corrected to the 1 AU intensity. The actual 
average temperature during the period data was taken is 
listed on the table as a footnote. The 95% confidence 
limits and standard deviation are listed for each cell in 
separate columns. In addition, the results obtained foom 
the JPL solar simulator are shown in Table 4. As 
mentioned earlier, this table shows the results of 
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Fig. 5. Solar cell payload for balloon flight 73-3 
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Fig. 6. Module location for balloon flight 73-3 
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nieasiiretiUHits obtaiiunl under air'ma5i.s*zero solar siitiwila- 
tioii l>efore and after the flight (preflight vs postflight), and 
a comparison is made l)etween the preflight simulator 
data and resultant flight data. Again, these comparisons 
are made only on cells in which temperature coefiRcients 
have lH3en provided. 

D. Flight 73-3 Data 

Except for minor sun tracker oscillations encountered 
near termination at float altitude, the flight data observed 
from ground station telemetry looked good, and the 
magnetic tape comprising the data was sent to JPL for 
computer processing. The solar cell standards were also 
returned to JPL for postflight solar simulator measure- 
ments, inspection, and analysis. The results of flight 73-3 
are shown in Table 5. The column headings and data 
organization in Table 5 are similar to those of Table 3, 
described earlier. In addition, the results obtained from 
the JPL solar simulator are shown in Tabic 6. As 
mentioned earlier, this table shows the results of 
measurements obtained under air-mtiss-zero .^olar simula- 
tion l)efore and after the flight (preflight vs postflight), and 
a comparison is made l>etween the preflight simulator 
data and resultant flight data. Again, these comparisons 
are made only on cells in which temperature coefficients 
have l)een provided. 

E. Flight 73-4 Data 

Major changes were made to the selection of the solar 
cell modules received from the various participating 
organizations. These changes included requests obtained 
from various organizations regarding the replacement of 
solar cell modules. Changes were also made by JPL to 
accommodate additional flights of spare solar cell modules 
similar tc those flown on flight 73-1. These changes were 
made after it was discovered that module 73-161, flown on 
73-1, was shorted to telemetry ground, causing a ground 
loop in the system. Solar cell data was further complicated 
by reflections from the aluminum-hoop assembly which 
protects the sun tracker during landing. Additional 
checkout procedures, beginning with flight 73-2, were 
incorporated during the ground testing operations. 
Subsequent measurements made of the remaining solar 
cell modules indicated that modules 73-042, 73-161, 73- 
162, and 73-132 were also shorted to the substrate. 
Because of this shorted condition, these spare modules 
were not flown. 

Balloon flight 73-4 was successfully launched at 0715 
CDT, May 8, 1974, and recovered on the same day. Good 
data was obtained in spite of an intermittent transmitter 
anomaly which occurred during this flight. While the 


transmiUer was on, the On-Sun indicator registered an on- 
sun condition each time, thus indicating that tiu' sun 
tracker was functioning properly. Although only a 
mini mu in amount of data was recorded on the tape, it was 
sufficient for processing on the JPL computer. Backup 
data received from ground telemetry teletype was also 
obtained for analysis. A summary of the results of this 
flight is shown in Table 7. Table 8 shows the results of the 
solar simulator measurements obtained under air-inass- 
zero solar simulation in comparison with flight data. 

VI. Balloon Flight System 

The main components of the balloon flight system are 
(a) the apex-mounted hoop assembly which contains the 
primary payload, the telemetry system and the recovery 
system, (1>) the balloon, and (c) the lower payload. This 
configuration differs from that employed in past calibra- 
tion programs and is de.scribed in the following sections. 

A. The Apex-Mounted Hoop Assembly 

1. General description. The aluminum-tubular hoop 
asseml)ly shown in Fig. 9 is used as a mounting platform 
for the primary payload and several other apex-mounted 
components. The hoop assembly, with appropriately 
placed styrofoam crush pads, serves the following 
functions; 

(1) Permits the lop-mounted payload to ‘‘float’* atop the 
helium bubble and minimizes billowing of balloon 
material around the top payload. 

(2) Serves as the mounting surface to the imiloon’s top 
end fitting. 

(3) Provides a convenient point for attachment of the 
tow balloon. 

(4) Acts as a shock damper to protect and minimize 
damage to the lop payload when touchdown occurs. 

The complete apex-mounted hoop assembly as flown 
weighs approximately 31.8 kg and descends a% a unit by 
parachute at flight termination. 

2. The experimental package. The elements of the 
experimental package are described below. 

a. Sun tracker. Using photodiodes ^ } sensors, the sun 
tracker, shown in Fig. 10, Is capable of orienting a solar 
cell payload toward the sun independent of balloon 
movements and is able to move in both elevation and 
azimuth to maintain an on-sun condition within ±1 deg. 
To verify that the sun tracker is actually pointing at the 
sun, an On-Sun indicator, which consists of a small, 
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Tabit 3. Summary of balloon flight 73-2 rosuitt 


01' r'X)K 


Module number 

Channel 

number 

Temperature intensity, 
adjusted average. mV 
(1 AU. 28°C) 

95% confidence limits 

Standard devtati .m 

73-011 A 

3 

79.22* 

0,01303 

0.06513 

73-046 

4 

80.01* 

0.01348 

0.06742 

73-044 

5 

57.84 

0.01087 

0.05436 

73-065 

6 

75.83 

0.01025 

0.05125 

73-069 

8 

76.59 

0.01279 

0.06396 

73-070 

9 

76.99 

0.01181 

0.05903 

73-087 

10 

79.04 

0.01137 

0.05685 

73-088 

11 

80.55 

0.00985 

0.04924 

73-104 

12 

80.39* 

0.02118 

0.10589 

73-114 

13 

82.64 

0.01435 

0.07177 

73-134 

15 

60.00 

0.01477 

0.07385 

73-001 

16 

67.23 

0,01859 

0.09293 

73-002 

17 

66.70 

0.01155 

0.05774 

73-003 

19 

66.40 

0.01263 

0.06317 

73-004 

20 

66.83 

0.01886 

0.09428 

73-005 

22 

67.07 

0.01073 

0.05365 

73-006 

23 

66.50 

0.01263 

0.06317 

BFS-401 

24 

60.32 

0.01608 

0.08040 

SM3-11 

25 

62.86 

0.01214 

0.06072 

SM3-15 

26 

56.96 

0.00969 

0.04846 

BFS-02A 

27 

63.89 

0,01608 

0.08040 

BFS-02B 

29 

58.93 

0.01470 

0,07351 

BFS-403 

30 

61.28 

0.02292 

0.11459 

BFS-404 

31 ! 

61.80 

0.01421 

0.07107 

BFS-405 

32 ! 

61.24 j 

0.01781 

0.08905 

BFS-7002 

33 

65.29 

0.01279 

0.06396 

BFS-517A 

36 

22.16 

0.00991 

0.04956 

BFS-517B 

37 

22.36 

0.01080 

0.05401 

BFS-517C ' 

38 

64.82 

0.01491 

0.07454 

BFS-406 

39 

63.85 

0.01407 

0.07035 

BFS-501 

40 

67.67 

0.01137 

0.05685 

BFS-505 

41 

65.31 

0.01378 

0.06890 

73-031 

43 

77.44* 

0.02474 

0.12371 

BFS-502 

44 

59.94 

0.02395 

0.11976 

73-033 

45 

63.69* 

0.01803 

0.09017 

BFS-17A 

46 

60.37 

0.01627 

0.08134 

BFS-17B 1 

47 

60.49 

0.02197 

0.10987 

Average temperature at float altitude, 45.19^C. 

Float altitude, approximately 36.6 km. 

Launch date, Feb, 5, 1974. 

‘Channel for which no temperature coefficient was provided. 
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Tabit 4. Summary of baNoon fKght 73-2 rttuttf comparad with tolar timuiator mtaturtmtntt 


Organization 

code 

Module number 

AMO, solar simulator 
(1 AU, 28“C) 

Comparison, solar 
simulator and fliglit 

Comments, postflight 

Prcflight, 

mV 

Post flight, 
mV 

Prcflight 

pustfligltt, 

% 

Fliglit 

vs 

preflight. 

Goddard 


78.28 

78.25 

0.04 



l ew IS 


78.84 

64.53 

18.15 


Broken well 

Lewis 

73-044 

57.86 

57.66 

0.35 



HA(' 

73-065 

75.65 

75.20 

0.59 



HAG 

73-069 

76.82 

76,55 

0.35 



HAG 

73-070 

76.90 

76.74 

0.21 

0.12 


HAG 

73-087 

79.25 

78.84 

0.52 

-0.26 


HAG 

73-088 

80.82 

80.42 

0.49 

-0.33 


GRL 

73-104* 

80.28 

79.50 

0.97 



(OMSAT 

7.3-114 

81.82 

81.22 

0.73 

0.99 


ISTLC 

73-134 

59 96 

59.92 

0.07 

0.07 


JPI 

73-001 

68.68 

68.16 

0.76 

-2.16 


JPL 

73-002 

68.15 

67.28 

1.28 

-2.17 


JPL 

73-003 

67.80 

67.33 

0.69 

■2.11 


JPI 

73-004 

68.04 

67.72 

0.47 

-1.81 


JPI 

73-005 

68.30 

68.05 

0,37 

-1.84 


JPL 

73-006 

67.67 

67.47 

0.30 

-1.76 


JPL 

BI S-401 

61.30 

61.32 

-0.03 

-1.63 


JPL 

SM3-11 

62.00 

58.30 

5.97 

1.37 


JPL 

SM3-I5 

57.50 

57.52 

-0.03 

-0.95 


JPL 

BI S-02A 

63.90 

64.00 

-0.16 

-0.02 


JPL 

BI S-02B 

59.30 

59.03 

0.46 

-0.62 


JPL 

BFS-403 

62.25 

62.00 

0.40 

-1.58 

Broken filter 

JPL 

BTS-404 

62,75 

62.50 

0.40 

-1.54 


JPL 

BI S-405 

62.14 

61.79 

0.56 

-1.47 


JPL 

BFS-7002 

66.05 

66.07 

-0.03 

-1.17 

Filter chip 

JPL 

BFS-517A 

22.03 

21.57 

2.09 

0.56 


JPL 

BLS-517B 

23.22 

21.93 

5.56 

-3.85 


JPL 

BFS-517C 

65.00 

65.10 

-0.15 

-0,28 


JPL 

BFS-406 

65.35 

65.04 

0.47 

-2.35 


JPL 

BFS-501 

68.10 

68.04 

0.09 

-0.64 


JPL 

BFS-505 

66.10 

66.17 

-0.11 

-1.21 


Marshall 

;3-031* 

78.15 

77,45 

0.90 



JPL 

BFS-502 

60.50 

60.50 

0.00 

-0.93 


Marshall 

73-033* 

1 65.17 

63.75 

2.18 



JPL 

BFS-17A 

60.17 

60.60 

-0.71 

0.33 


JPL 

BFS-17B 

59.70 

60.32 

-1.04 

1.30 



Average temperature at float altitude, 45.19*^C. 

Moat altitude, approxin^iatcly 36,6 km. 

Launch date, Tcb. 5, 1974. 

“Oiannel for which no temperature coefficient was provided. 
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Tabit 5. Summary of balloon flight 73*3 roiuitt 


Module number 

Cluinnel 

number 

Temperature intcnsiiy, 
adjusted average, mV 
(1 AU. 28^0 

96% confidence limits 

Standard deviation 

73-013 

3 

83.10* 

0.01 i 01 

0.05505 

73-014 

4 

66.87* 

0.00995 

0.049’5 

73-063 

5 

75.18 

0.01803 

0.09017 

73-075 

6 

82.48 

0.02412 

0.12060 

73-076 

8 

80.89 

0.01518 

0.07588 

73-079 

9 

77.88 

0.01295 

0.06475 

73-080 

10 

76.62 

0.00739 

0.03693 

73-049 

11 

75.08“ 

0.00943 

0.04714 

73-052 

12 

72.02* 

0.01959 

0.09796 

73-102 

13 

80.27* 

0.00636 

0.03178 

73-142 

15 

57.59 

0.01124 

0.05618 

73-143 

16 

66.67 

0.00910 

0.(M55I 

73-164 

17 

82.26* 

0.01101 

0.05505 

73-175 

19 

67.81 

0.00910 

0.04551 

73-153 

20 

74.84 

0.0O964 

0.04820 

73-154 

22 

75.73 

0.02399 

0.11997 

73-037 

23 

73.48* 

0.00348 

0,01741 

73-155 

24 

59.60 

0.01583 

0.07914 

BFS-115A 

25 

5'’.62 

0.01655 

0.08273 

BIS-1 1 5B 

26 

57.80 

0.01314 

0.06571 

73-156 

27 

61.51 

0.02005 

0.10025 

73-032 

29 

78.27“ 

0.01400 

0.06999 

73-157 

30 

64.42 

0.00876 

0.04381 

1 73-158 

31 

65.52 

0.02108 

0.10541 

73-159 

32 

79.28 

0.02074 

0.10372 

73-182 

33 

68.37 

0.00667 

0.03333 

BFS-520A 

36 

23.93 

0.01771 

0.08855 

BFS-520B 

37 

23.20 

0.00952 

0.04761 

BFS-520C 

38 

66.62 1 

0.00995 

0.04975 

73-160 

39 

79.90 

0.0H43 

0.07213 

BFS-505 

40 

65.43 

0.01054 

0.05270 

73-173 

41 

62.78 

0.01231 

0.06155 

BFS-506 

43 

31.42 

0.00948 

0.04741 

BFS-507 1 

44 

37.53 

0.00964 

0.04820 

BFS-508 

45 

30.69“ 

0.01020 

0.05100 

BFS-17A 1 

46 

60.37 

0.01363 

0.06816 

BFS-17B 

47 

60.67 I 

0.01633 

0,08165 

Average temperature at float altitude, 54.25®C. 

Float altitude, approximately 36.6 km. 

Launch date, Apr. 23, 1974. 

^Channel for which no temperature coefficient was provided. 
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Tibl« Summary of baSoofi fK(Ht 73-3 rotuHt comfiarod with solar simulator moasiirtmofits 


Organi/alion 

vode 

Module number 

AMO, \i4ar <iimuliitor 
(1 AU. 28"n 

r" ' 

Camparison. solar 
simulator and flight 

C'ommenls. postiliglit 

Preiliglit. 

mV 

Posiflight. 

mV 

Preflight 

vs 

postiliglit, 

% 

Fhgiit 

vs 

preflight. 

litfJdard 

73-013* 

80.85 

80.82 



None 

Guddard 

73-014" 

65.95 

66.12 





HAC 

73-063 

75.00 

74.96 


0.24 



HAC 

73-075 

81.51 

81.70 

-0.20 

1.14 



HA(' 

73-076 

80.06 

79.96 

0.12 

1.02 



I1A(' 

73-079 

77.46 

77.15 

0.40 

0.54 



HAC 

73-080 

76.05 

75.95 

0.13 

0.75 



Lewis 

73-049* 

73.88 

73.58 

0.41 




Lewis 

73-052“ 

70.46 

70.31 

0.21 




( RL 

73-102* 

78.54 

77.89 

0.83 




LSTK' 

73-142 

5'’.50 

56.69 

1.41 

0.16 



l-STKC' 

73-143 

{.8.65 

68.42 

0,34 

-2.97 



RCA 

73-164" 

81.55 

80.38 

1.43 




JPL 

73-175 

68.70 

68.45 

0.36 

-1.31 



IPL 

73-153 

74.84 

74.86 

-0.03 

0.00 



JPL 

73-154 

75.45 

75.39 

0.08 

0.37 



LSMC' 

73-037“ 

72.86 

73.39 

-0.73 




JPL 

73-155 

60.40 

60.87 

-0.78 

-1.34 



JPL 

BFS-115A 

57.68 

57.86 

-0.31 

-0.11 



JPL 

BI S-115B 

57.90 

58.36 

-0.79 

-0.17 



JPL 

73-156 

62.28 

62.48 

-0.32 

-1.25 



Marshall 

73-032“ 

78.15 

77.68 

0.60 




JPL 

73-157 

65.00 

65.28 

-0.43 

-0.90 



JPL 

73-158 

67.90 

66.02 

2.77 

-3.63 



JPL 

73-159 

79.70 

79.20 

0.63 

-0.53 



JPL 

73-182 

69.30 

68.89 

0.59 

-1.36 



JPL 

BFS-520A 

23.48 

23.85 

-1.58 

1.89 



JPL 

BFS-520B 

23.75 

23.08 

2.82 

-2.35 



JPL 

BFS-520C 

67.50 

67.54 

-0.06 

-1.32 



JPL 

73-160 

80.18 

79.52 

0.82 

-0.35 



JPL 

BFS-505^ 







JPL 

73-173 

63.65 

63.94 

-0.46 

-1.39 



JPL 

BFS*506 

32.15 

30.67 

4.60 

-2.34 



JPL 

BFS-507 

39.60 

38.76 

2.12 

-5.52 



JPL 

BFS-508“ 

32.25 

3U9 

3.29 




JPL 

BFS-17A*^ 


1 i 





JPL 

bfs-hb'^ 

! t , 






Average temperature at float altitude, 54.250C. 

Float altitude, approximately 36.6 km. 

Launch date. Apr. 23, 1974. 

“Channel fer which no temperature coefficient was provided. 
*^Reference module; no post flight measurements made. 
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TaM 7. Summary of SaNoofi fSfht 73-4 rttuHs 


Module number 

Channel 

number 

Temperature ir^tenrily. 
adjusted average, mV 

1 

95% confidence limits 

Standard deviation 

73-01 2 A 

3 

80.52* 

0.01700 

0.08498 

73-015 

4 

68.10* 

0.01333 

0.06667 

73-047 

5 

56.57* 

0.02220 

O.ltlOI 

73-051 

6 

69.32* 

0,01206 

0.06030 

73-053 

8 

47.78* 

0.01967 

0,09834 

73-064 

9 

74.14 

0.01231 

0.06155 

73-085 

10 

79.27 

0.02738 

0.13688 

73-086 

11 

78.37 

0.01 i 19 

0.05596 

73-095 

12 

65.95 

0.01470 

0.07351 

73-096 

13 

67.13 

0.01484 

0.07420 

73-066 

15 

75.16 

0.01255 

0,06276 

73-090 

16 

79.69 

0.01676 

0.08379 

73-091 

17 

75.83 

0.02010 

0.10050 

73-183 

19 

67.51 

0.01155 

0.05774 

73-093 

20 

75.32 

0.02118 

0.10589 

73-0995 

22 

86.49 

0.01463 

0.07317 

73-181 

23 

68.18 

0.01035 

0.05174 

73-103 

24 

76.10® 

0.01639 

0.08196 

73-122 

25 

74.52 

0.01902 1 

0,09508 

73-123 

26 

81.48 

0.02179 ! 

0.10894 

73-136 

27 

58.70 

0.02010 

0.10050 

73-137 

29 

57.88 

0.02134 

0.10672 

73-141 

30 

68.53® 

0.01869 

0.09347 

73-176 

31 

67.05 

0.01896 

0.09482 

73-111 

32 

82.97 

0.02704 

0.13521 

73-180 

33 

77.35® 

0.01128 

0.05641 

BFS-505 

36 

65.37 

0.02574 

0.12871 

73-034 

37 

66.86* 

0.01896 

0.09482 

73-171 

38 

74.98 

0.01470 

0.07351 

73-172 

39 1 

71.46 1 

0.01944 

0.09718 

73-X 

40 * 

74.44 ^ 

0.02395 

0.11976 

BFS-7010 

41 

72.14 

0.01326 

0.06629 

BFS-701 1 

43 

71.84 

0.01371 

0.06853 

BFS-604 

44 

71.35 

0.02247 

0.11237 

BFS-605 

45 

68.96 

0.01326 

0.06629 

BFS-17A 

1 

46 

60,36 

0.01563 

0.07817 

BFS-I7B 

47 

60,23 

0.01645 

0.08227 


Average temperature at float altitude, 49.87*^C. 

Boat altitude, approximately 36.6 km. 

Launch date, May 8, 1974* 

^Chaimei for which no temperature coeffkient was provided. 
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Tabit I. Summary of balloon flight 73*4 rotuHi compartd with tolar simulator moasurtmtnts 


Organization 

code 

Module number 

AMO, solar simulator 
(1 AL'.28“C) 

C'omparison, solar 
simulator and llight 

C'omments, posttliglit 

Prellighl, 

mV 

Postflighl, 

mV 



Preflight 

vs 

posttliglit. 

% 

Might 

vs 

preilight. 

Goddard 

73-01 2A'' 

79.07 

79.02 

0.06 


None 

Goddard 

73-015* 

67.40 

67.60 

-0.30 




Lewn 

73-'M7* 

55.20 

55.12 

0.14 




Lew*< 

73-051* 

68.14 

68.07 

0,10 




LewiJ 

73-053* 

46.20 

45.93 

0.58 




HAC 

73-064 

74.46 

74.17 

0.39 

-0.43 



HAC 

73-085 

78,60 

78.13 

0.60 

0.84 



HAC' 

73-0«() 

77.82 

77.49 

0.42 

0.70 



HAC 

73-095 

66,25 

65.34 

1.37 

-0.46 



HAC 

73-096 

67.62 

66.95 

0.99 

-0,73 



HAC 

V 3-066 

74.50 

74.62 

-0.16 

0.88 



HAC 

73-090 

79.18 

78.83 

0.44 

0.64 



HAC 

73-091 

76.10 

75,81 

0.38 

-0.36 



JPL 

73-183 

68.32 

67.81 

0.75 

■1.20 



HAC 

73-093 

75.62 

75.43 

0.25 

-0.39 



HAC 

73-0995 

86,35 

86.09 

0.30 

0.17 



JPL 

73-181 

68. /6 

69.20 

-0.64 

-0.85 



CRL 

73-103" 

75.20 

74.70 

0.66 




HEK 

73-122 

74.75 

74.55 

0.27 

-0.31 



HEK 

73-123 

81.29 

80.62 

0.82 

0.23 



ESTEC 

73-136 

58,30 

57.97 

0.57 

0.68 



ESTEC 

73-137 

57.38 

57,00 

0.66 

0.86 j 



ESTEC 

73-14!" 

68.90 

68.93 

-0.04 




JPL 

73-176 

67.79 

67.66 

0.19 

-l.ll 1 



COMSAT 

73-111 

81.85 

81.40 

0.55 

1.35 



TRW 

73-180® 

78.60 

78.28 

0.41 




JPL 

BFS-505 

66.10 

66.28 1 

-0.27 

-1.11 



Marshall 

73-034* 1 

67.63 

66.96 , 

0.99 




JPL 

73-171 * 

75.06 

75.10 

-0.05 

-0.10 



JPL 

73-172 ! 

71.34 

71.65 

-0.43 ! 

0.17 



JPL 

73-X 

74.66 

74.61 

0.07 

-0.29 



JPL 

BFS-7010 

71.70 

71.70 

0.00 

0.61 



JPL 

BF'S-7011 

71.72 

71.73 

-O.OI 

0.17 

j 


JPL 

BFS-604 

72.02 

71.80 

0.31 

-0.94 



JPL 

BFS-605 

69,68 

69.70 

-0.03 

-1.04 



JPL 

BFS-17A 

60.17 

60.55 

-0.63 

0.32 



JPL 

BFS-17B 

59.70 

60.40 

-1.17 

0.89 

1 



Average temperature at float altitude, 49.87®C» 

Float altitude, approximately 36.6 km. 

Launch date, May 8, 1974. 

^Channel for which no temperature coefficient was presided. 
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Fig. 9 Aluminum-hoop assembly with sun tracker in center 


iinnlat solar i<*ll al tlu' vih\ of a 25.4-iiii tulK\ is 
iiK‘Oiporalt*(l into the' traikiii^ platform. Tlu* rrll is loade'd 
iKMr tiu' siiort-i ire iiit oirre'iit point, and tfu* millivolt 
output arross the* load resistor is fod to one of the 
telenu'try i hannt'Is. rims, a hi^h reading iiidie ates an on- 
Min condition, vsfiile a low or zero rcMelinj^ indieatevs an off- 
siin londition. 

\ re'He'c tion shit'ld is attailh'd to the sun tracker to 
presc'iit uiiNsante'd reffented lij»h* from reaching the solar 
cell pa\load. 

h. Solar cell noululrs. The solar cells sedected for hi^h- 
aititndc ( alihration are asse'mhh'd into standardized design 
packai»es in accordance with JPL PrcK-edure No. tP 
.^VM4dH (Hed. 2). .\n appropriate resistance is per»na- 
nt'titly fixe'd across the solar cell to loiid the cell near the 
short-ciriuit current point. Each nuKluh' is carefully 
insptHttil for meihaniial deftnts and electrically tested 
under solar simulation hoth prior to and following 
recox er\ of a suiiessful ImIUk)!) flight. 

18 


In addition to the normal solar cell nuMliiles, certain JPL 
iikkIuIc's have lalihrated precision thermistors emf)t'dded 
in the copper substrate directly iMmeath the* solar cell. 
These' spec ial modules are placed at strategic points on 
the sun tracker face and are used to ck'termine the 
tc'inperature of all other solar c'ell mcHltiles on a particular 
ballcmn Hi^ht. These' special mcxlules arc flown on each 
flight to provide' solar cc'll correlation data. 

Solar cell mcxlules are mounted onto the sun tracker 
platform with an interface of I>)w Corning No. 340 
silicone heat sink compound and held in place with four 
2-56 screws. The heat sink compound is used to minimize 
thermal gradients Ix'twc'en the two surfaces and to ensure 
the l)est possible uniform temperature on all solar cells 
comprising the payload. 

r. Instrumentation circuit. The most practical methcxl 
of measuring the short-edreuit current of a solar c-ell is to 
load the c'ell near its short-circuit current point with a 
precision resistor and measure the voltage drop across the 
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Fig. 10. Sun tracker 


rrsislor (Fi^. II). Knowill^ iht* resistor value and the 
voltage readiiit;, the shorl-eirniit eiirreiil may then Ih' 
laleiilated. 


B The Telemetry System 

A major i hau^e was made in the data handling method 
from tiu* iiK'thod iis<hI in previous flight programs. \ hUn k 
dia^ram of past and present telemi'trv sy stems is shown in 

Fi«. 12. 


I. .\irlM»nie eompoiieiits. 'I'hese eompoiuMit^ are de- 
serilM*d Ih'Iow. 

a. Cousolidati'd instrurnt rU \utcka\n\ The all-solid-state 
telemetry system is r(*ft*rrt*d to as llu' (amsolidatcMl 
Instrument Faeka^e (C^IF'. 'I'his electronics package 
consists of a single command system, for hotli halloon 
control and scu'iitific commands, and a tc'lc^metry systcmi 
which has the* c‘apacity to handle all data transmissions on 
thc‘ flight ovc‘r a common HF carric*r. More spec ifically, 
the (dF contains the follovvinj' ccpiipment: 

(1) Multipic'xers (.3) l(¥)-mV hill scale. 

(2) Fro^rammecl Kc»acl Only Memory (FHOM). 

(3/ Fiilv-cocle-mcKlulatccl (F(.'M; data enc cMlc*r. 

(4) l*CM command receiver-dcc cKler. 

(5) Omc‘^a rt'ceiver. 

(H) Hosemount prc'ssure transducers. 

(7) Siiln arrier osc illators (as rccjiiirccl). 

(8) F-hand FM transmitter. 


In practice*, the* rcvsistance value is chosen to place the* 
cell output voltage reading in the* iippc*r portion of the 
l(K)-mV lull-scale telemetry input ran^e. 'rypically, the 
rc'sislancc* valuers for the* sc'veral si/t*s of solar colls 
inanufacturcci are as shown in I'ahlt* 9. Tl:? precision 
rc'sistors used for standard solar cells have a tem|H'ratiire* 
ccH'lhc lent ei|iial to or In'tler than ±.30 ppm/ C and a 
re*sistance stahility eM|ual to or lotter than ±I).(K)2% over a 
thrc'e-yc'ar periml. 


SOLAR 

CELL 



TO HIGH- 
IMPEDANCE 
MULTIPLEXER 
INPUT 


Fig. 11. Circuit diagram for measuring short-circuit current 
of soiar ceN 


(9) lli^h-frecpiency trac king lieacon transmitter (2). 

\ brief description of this capability as u.sed f)y JFF is 
noted next. The FCM data encoder is of modular 
const me t ion and has a main control unit which is used to 
determine bit rate, bits per word, parity, analog to digital 
conversion, and format. The format is controlled with a 
FHOM w hich may easily provide a wide ran^e of formats. 
Three 16-channel multiplexers have f)een included part 
of the telemetry system to accornincxlate the low-level 
signals generated by the solar cells during fli>;ht. Each 
solar cell channel is read twice per second. 


Table 9. Typical solar call resistance values 


Cell size, cm 

Resistance value, ohms 

1 X2 

1.000 ±U.1% 

2X2 

0.500 1 0.1% 

2X4 

0.250 ±0.1% 

2X6 

0.167 ±0.1% 
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AIRBORNE EQUIPMENT 







GROUND EQUIPMENT 




PAST 


PRESENT 


Fig. 12. Block diagram of past and prosont baNoon tolaiiiotry tysttm 
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The VCM command system is designed to l)e safe from 
false commands and is highly reliable in operation. The 
data is encoded on a frequency-shifl-keyed audio carrier. 
This signal is then decoded into data and timing control. 
Each command consists of a double transmission of the 
data word. Both words must l>e decoded and pass a bit-by- 
bit coinpaiison before a command is executed. 

Altitude pressure is measured with a capacitance-type 
electronic transducer in the range of 102*000 to 40 N/m^ 
(1020 lu 0.4 milliburs) that is accurate to 0.05%. This signal 
is a dc level which is encoded as PCM data and decoded 
at the receiving station into millibars. 

The omega navigation system is used for flight tracking. 
An on-l)oard receiver is used to receive the omega signal 
for retransmission to the processor in the ground station. 
This system can provide position data to less than 3.2 km. 

A UHF L-band transmitter is used for data transmission 
to the ground station. In addition, a high-frequency beacon 
transmitter is used for aircraft tracking and altitude 
information after flight termination. 

h, Battenj power supply. Power for operating the 
electrical and electronic equipment on the balloon is 
supplied by a rechargeable battery source, although 
certain components such as radio beac'ons and other 
special equipment contain their own independent battery. 
The main battery pack is contained in the lower payload 
and supplies 28 Vdc regulated power and 36 Vdc 
unregulated power. The battery supply capacity is 
ade(}uate to furnish power for a normal flight In addition 
to a reserve capacity. 

2. Ground station, NSBF. The ground station at 
Palestine, Texas, is equipped with PCM data decommuta- 
tion and real-time display equipment* omega processor, 
lime code generator, lime receivers (Loran and WWV), 
iuialog tape recorder, PDP- 11/20 computer with incre- 
mental tape recorders, and PCM command encoders. A 
down-range station Is maintained with the same equip- 
ment except for the computer. The composite telemetry 
signal is fed into the computer at the ground station to 
generate an incremental magnetic tape for processing at 
JPL using a Univac 1108 computer. The composite 
telemetry signal is a*so recorded directly onto magnetic 
tape as a backup and may be replayed through the PDP- 
11/20 computer to generate an incremental magnetic 
tape. The main purpose of the NSBF PDP-11/20 
computer is to log data onto incremental tape. 

A complete meteorological service organization, oper- 
ated by NSBF personnel, is located at the National 


Scientifle Balloon Facility for the sole purpose of 
providing weather information for balloon flights. A 
weather briefing is provided prior to each balloon flight, 
including forecasts for launch, ascent track to float 
altitude, float trajectory, descent track to impact, and 
recovery area weather. 

C. The Balloon 

The balloon employed for the JPL solar cell calibration 
high-altitude flights has a volume of 65*129 m^ and is made 
from 1.78 X 10’^ m (0.7 mil) thick stratoflim, a 
polyethylene film designed for balloon use. The balloon is 
manufactured by Winzen Research, Inc., of Sulphur 
Springs, Texas. The balloon is designed to lift the weight 
of the sun tracker payload and other equipment to a float 
altitude of 36.6 km (120,000 ft). A multiconductor cable to 
electrically connect the top and bottom payloads is built 
into the balloon during the manufacturing process. A 
smaller tow balloon is used to stabilize the top-mounted 
payload during the launch phase. 

Float altitude is maintained at 36.6 ± 0.6 km through 
the use of a radio-controlled ballast system attached to the 
lower payload. 

VII. Balloon Flight and Payload Recovery 

A. Balloon Launch 

In typical balloon launch, the aluminum-hoop assembly 
with the sun tracker is attached to the top end fitting of 
the main balloon. The main balloon, protected by a plastic 
sheath, is laid out its full length on a ground cloth. The 
tow balloon is inflated and attached to the aluminum-hoop 
assembly with nylon lines. This tow balloon is used to 
stabilize the top-mounted payload during the launch 
phase. 

The top end of a 8.5-m-diameter parachute is fastened 
to the balloon bottom end fitting. The lower payload, 
containing the consolidated instrument package, the 
battery power supply, and ballast for balloon control, is 
secured to the bottom of the parachute and all appropri- 
ate electrical connections made. The lower payload is 
attached with a quick-release mechanism to a launch 
vehicle. 

When all checks and tests are completed, indicating 
proper operation of the balloon flight system, the main 
baUoon is inflated. Helium is used as the lifting gas. 
Inflation is facilitated by a hydraulic^y operated high lift 
used to support the aluminum-hoop assembly. The helium 
is restricted to the upper portion of the balloon during 
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iiiHatioii hy a ineihanical launch arm. When stifficient 
lM*liiirn is valvc'cl tnlo the )>alloon, thit* hi^h lift support is 
rfunovc'd and the ahiiniiuiindump asscMuhly ‘‘floats** on the 
main l>allcK>n, siipportcnl partially by the tow hallcMHi. 
Fi^ire 13 shows the hallcMm flight system in the last stages 
of hallcMH) inflation. 

The hallcMHi launch is achieved by first releasiiiji’ the 
iipfK'r portion (Inihhle) of the balloon, the tow ballcK)n 
ac ting as a stabilizer for the top-mounted payload. As the 
bailcKm rises, the launch vehicle maneuvers the lower 
payload direc tly l)eneath the balloon. The lower payload is 
released, and the entire billoon system is allowed to 
ascend as shown in Fi^. 14. Alter the balloon has reached 


approximately 610 m, the tow' balloon is relcMsc'd from the 
top-mountc*ci payload. The ascent rate is normally 4.6 m/s. 
to reac h float altitude of 36,576 m, slightly ov«‘r two hours 
time is rcMjuirc'd. 

B. Data Recording 

The sun tracker is tiiincHi on by radio command once* 
the balloon has reached float altitude. Kxperience has 
shown that while the ballcKin is ascending it rotates muc h 
faster than it does at fle^at, and the sun trackc*r cannot 
always remain l(K'kc*d on the sun. Furthermore, the* sun 
an^le may Ik* tcK) low and out of the prest*t sc*arch anj'le 
during the early morning hours. Therefore, to save battc'ry 
power and unnecessary wear on the tracker drive motors. 



Fig. 13. Balloon inflation 
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the* sun tracker is not tiiriu*(l on until tiu* l>allcM)n reac hes 
ORIGINAL LAt.> i V float altitude, alnuit two hours prior to solar n<H)ii. Data is 

OF POOR QUALITY n'cordcHl continuously from two hours Indore solar ikmmi 

until one* hour past solar noon. 



Fig. 14. Balloon launch 


l>urin^ the pericnl in which the* sun trac kc*r is lcH*kc*d on 
the* s\in, solar cell voltages, intersperscnl with rcdc'reiue 
calibration volta^c*s and thc*rinistor volta^c*s, are fc*d into 
the telemetry system. These* voltaj^es are* conve*rte*d to 
pulse* ceMle iiKMiulation (K!M) an<l are transmitte*d to a 
ground station where they are* re*c*orde*d on iiK‘re*me*ntal 
ma^ne*tic tape* for later prcKossin^ at JIM. and on the* 
teletyjM* for re*abtime* assc*ssme*nt of the* solar ec'lls during 
data ace|uisition period. 

C. Flight Termination 

On balloon flights which are terniinate*d se*veral hundre*d 
miles from the* launch site, the* pilot of the* trac*kin^ 
aircraft is re*sponsible for c*oncluctin^ the flight termination 
se*ejuence*. When the pilot has a visual si^htin^ on the 
ballcH)!), a command is sent from the airplane to cut the* 
ste*e*l hold-down cable and the ele*ctrical cable to the* top 
payload. 'I'his action le*avt*s the* top payload resting on the* 
l)alloon apex. 'Fhen a command is sc’iit to cut the* bottom 
payload lcK)se from the* balloon. \s the* payload falls away 
on its parachute, a rip line ope*ns a lar^e sc*ction of the* 
balloon to ensure that the balloon itself will de*sce*ncl. 

VV'ith the bottom payload released, the balloon is now- 
top-he*avy and rolls over, and the top payload slide's off the* 
top. \s the* aluminum-h(H)p assembly falls away, the* 
parachute to this package is pullc*cl out by a rip line* 
attac he*d to the balloon, 'riu* parac hute is ri^^e*d to de*ploy 
and hold the aluminum-hoop assemlJv in an upright 
position to touchdown. During parachute de*scent, the* 
pilot acts as the main spotter and directs the ground crew 
for recovery of the top and bottom payloads. The desccfnt 
rate to touchdown is al>out 6.4 m/s. Since weathc*r 
conditions play a vital role during the entire* operation, 
both the top and l>ottom payloads are fitte*d with radio 
l>eacon.s to aid in their recovery. Once the payloads aie on 
the ground, the recovery crew loads the packages onto the* 
rec’overy vehicle and returns them tc3 the launch site. 

VIII. Data Reduci.on Procedure and Analysis 

A. Task Description 

Solar cell data, calibration data, and temperatures 
obtained in high-altitude balloon flights are transmitted to 
the ground in pulse code modulation (PCJM counts) and 
recorded on magnetic tape. This program reads the data 
tape, converts solar cell readings to millivolts and 
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temperatures to degrees c entigrade, and performs optional 
analysis of selected data. The computer print output 
consists of a tabulation of PCM counts for each scan 
processed, a tabulation of converted solar cell temperature 
data for individual channels, and averages, 95% confidence 
limits, and standard deviations for each solar cell channel. 

B. Data Tape Input Procedure 

Each magnetic* tape record supplies data for 16 scans, 
or telemetry frames, followed by one ground frame. A 
telemetry frame is represented by 64 two-byte words on 
tape, consisting of 62 possil)le data channels followed by a 
4d)ytc gap. Words 1. 7, 14, 21, 28, 35, and 42 are 
c*alibration channels; word 48 is the On-Sun indicator 
reading. The remaining 38 words between 1 and 48 are 
solar cell readings. Words 49 through 62 are not processed 
by the current version of the program. The first 8 words in 
the ground frame at the end of each record are the ASCII 
representation of time, GMT (in year, month, day, hour, 
minute, second, millisecond X 10, millisecond X 0.1), 

Data is Input from the tape, one record at a time, to 
provide data for a maximum of 100 scans to l>e processed 
for one flight in any one run. The tape is searched until 
the time closest to solar noon (or arjy specified time within 
the limits of the flight period) is found. The tape is then 
back-spaced to provide for input of approximately an 
cH|iial numl)er of scans before and after the lime specified 
by the user. As the data is read in, a tabulation of readings 
in PCM counts for 48 channels of each scan is printed. A 
screening procedure rejects scans containing questionable 
data, and an explanatory message is printed out following 
each scan eliminated from further processing. For 
example, only those scans are used which were recorded 
during the time the sun tracker was locked on the sun as 
indicated by a predetermined output level of channel 48, 
the On-Sun indicator. When a total of 100 acceptable 
scans has l>een input, tape reading ceases and data is ready 
for further processing. 

First, an additional check of data for each channel is 
made to detect changes in readings for adjacent scans 
exceeding an input increment. Excessive fluctuation is 
indicated by a flag preceding each questionable point in 
the output tabulation of converted individual readings by 
channel. 

C. Data Conversion Procedure 

The seven calibration readings are PCM counts 
corresponding to known voltages; linear interpolation is 
used to convert solar cell data from PCM counts to 
millivolts. The formula used is: 


^ \^ + {PCM - PCM,) IV.., ~ \^/(PCA/, a -PCM,)] 
for PCM,., > PCM > PCM, 

where (V|, Pt’Af^) is a calibration voltage point with 
corresponding PCM count, and (V, P("M) is the interpo- 
lated point. 

A preflight calibration procedure provides a tempera- 
lure-PCM table to be used in converting the three 
temperature readings to degrees centigrade, using a 
similar linear interpolation method. 

D. Output Calculations 

A tabulation of the 100 accepted scans, for each of the 
37 solar cell channels and 3 temperature channels, displays 
mdividual solar cell readings in millivolts and tempera- 
tures in degrees centigrade, with readings exceeding the 
input deltas of acceptable fluctuation being flagged with a 
preceding asterisk. 

User input option provides for calculation of average, 
95% confidence limits, and standard deviation for each 
solar cell channel. Four averages are computed for each 
channel: (1) an initial average based on 100 data points, (2) 
a corrected average using only points which fall within the 
limits of the initial average ± a specified per cent 
deviation, (3) the corrected average multiplied by the 
square of the ratio of the average radius vector to the 
current radius vector, and (4) a final temperature- 
corrected average. The second averaging procedure is 
designed to exclude from subsequent analysis any notice- 
ably invalid points not eliminated by previous screening 
methods. Confidence limits and standard deviation are 
based on the final corrected average. 

E. Contents of the Data Package 

Following the final balloon flights and after the raw data 
has been reduced by computer, the standard solar cell 
calibration data is returned to the organizations that 
participated in the standardization program. The data 
package sent to the various participating organizations 
consists of a copy of the computer printout sheet 
depicting the serid number assigned to a given solar cell 
mi^ule and the average flight calibration value based on 
100 data points corrected to 1 AU and a temperature of 
28'*C, provided that the participating organization has 
submitted a temperature coefficient value for its cell. 
Further, to aid in determining statistical validity of the 
results of tests, the 95% confidence limits are determined 
as well as the standard deviation. 


24 


iPL TECHNICAL RCPOftT 32-lCOO 




I 


IX. Systems Error Analysis 

A. ErrorSources 

A brief study of the modified balloon flight measure- 
ment system elements (PCM telemetry data system) re- 
vealed four sources of error related to cell measurement, 
conversion of analog to digital data, and telemetry pro- 
cessing: 


(1) Misorientation of the tracker with respect to solar 
normal incidence. The angle of misorientation B 
of the solar tracker can result in short-circuit cur- 
rent error related by the cosine law correction. The 
percentage of the fractional error in short-circuit 
current measurement is given by 

— % = (1 - cos e) 100% 


(2) Load resistor accuracy. The resistors used to load 
the solar cells are precision-type with an accuracy 
of ±0.1%, Therefore, the percentage of the frac- 
tional error in short-circuit current due to this 
source is given by 


A/,Ntr 

% = ±0,1% 

hr 


(3) Accuracy of the multiplexer-amplifier. Since multi- 
plexer-amplifier accuracy is ±0.5%, the percentage 
of the fractional error in short circuit current due to 
this source is given by 


ALr 

% = ±0.5% 

hr 


(4) Accuracy of the telemetry readout. The telemetry 
readout has 1023 counts for a full-scale output of 
100 mV or 


100 inV 

— =0.097775 mV/count 

1023 counts 

Therefore, a plus or minus 1 count would result in the 
following percentage of error at the corresponding data 
level: 

100 mV = ±0.098% 

90mV = ±0.109% 

80mV = ±0.123% 

70 mV = ±0,140% 

The operating temperature variations between labora- 
tory and field operation (25-55 •C) are estimated to 
have negligible effect on the percentage of errors Usted 
above. 

B. System Mathematical Model 

In order to determine the error from all the elements 
excluding the misorientation error, one must establish 
the system mathematical model and solve the equation 
that represents cell measurement, data conversion, and 
data processing. The system mathematical model is 
shown as follows: 






Measurement 


Multiplexer- 

Amplifier 


Encoder 
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TIu* conversion factor and the error of each el(‘ment are 
shown inside each hlock: 

A/ + Me = measurement conversion factor 


100 mV 

M = = 1, Me = ±0.1% 

100 mA 


A + Ae = multiplexer-amplifier amplification factor 
5000 mV 

A = = 50, Ag = ±0.5% 

100 mV 

E + Ee = encoder conversion factor 


1023 1 

= Ee= ± 0.098%, 0.10% 


5000 mV 4.9 
The system equation is 


[' 


, 1 (0.001)50 (0.001) (0.005)1 

r = 1| (1)(0.005) - - + - - - - + - 

4.9 4.9 4.9 


+ (1)50(0.001) + (1) (0.005) (0.001) 

+ (0.001) (50) (0.001) + (0.001) (0.005) (0.001) 


Eliminating the insignificant factors (shown by x) the 
e({uation can be reduced to 

r = I j^(O.OOl) + (0.010) + X + (0.05) + x + x +x) J 


f = 1 1^(0.001) + (0.010) + (0.05) 


] 


The above units have a ± value. Based on the above 
results, the digital count can be represented by 


/ (Af +Me) (A + Ae) (E + Ee) — digital count 
Solving Eq. (1) yields 

(/Af + IMe) (A + Ae) (E + Ee) = D 
(IMA + IMAe +IMeA + IMe Ae) (E +Ee) = D 
IMAE + IMAeE + IMeAE + IMeAeE + IMAEe 
+ IMAeEe + IMeAEe + IMeAeEe = D 

The above equation has two parts: (a) the unit repre- 
senting the true digital count, and (b) units representing 
the error in digital count from the errors of the various 
sources: 

D = IMAE + errors 

Errors = r = I(MAeE + MeAE + MeAeE + MAEe 
-1- MAeEe + MeAEe + MeAeEe) 

Substituting the assigned numbers yields 

1 

Af = l,A = 50,E = — 

4.9 

Me = ±0.001 Ae = ±0.005, 

Ee = ±0.00098, = ±0.001 


D = I 4- / r (±0.001) + (±0.010) + (±0.05)1 

4.9 L J 

= 10.23 / ± / X error 
where / = mA. For the case of 100 mA, 

D = 10.23 X 100 dblOO X error « 1023 ±100 X error 

Data reduction of the computer printout includes a 
tabulation of the PCM count for each channel processed, 
the averages, the 95% confidence limits, and standard 
deviation. Four averages are computed for each channel: 
(1) an initial average based on 150 data points, (2) a 
corrected average using only points which fall within 
limits of the initial average ± a specified percent devia- 
tion, (3) a corrected average multiplied by the square of 
the ratio of the average radius vector, and (4) a final 
temperature-corrected average. Confidence limits and 
standard deviation are based on the final corrected 
average. 

The initial averaging computation results in an rms 
value of the errors of 

f = V(0001)* + (0.010)* + (0.05)* 

e = 5.1 X 10-« = ±0.051 
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For the case of 1(X) mA, 

D « 1023 100(0.051) 

D ^ 1023 > 5.1 
The percentage of error i.s given by 
5.1 

0.0048 ® 0.50% 

1023 

Therefore, for the HK)-mA ineasureinent, tlie fractional 
error in short-circuit current is 

Ahr = (0,0050) ()00) ±0.50 inA 

The second averaging computation will result in a 
corrected average value by eliminating a number of 
extreme data points. The corrected average will include 
only points which fall within the limits of the initial 
average ±3% deviation. Let us examine the mathematical 
relationship of the initial average and the corrected 
average. 

1. Initial average. The data points are Du D .y D ,, . . . , 
Difto. The initial average is derived from the equation 



The measurement value is 

M = D ± \/f j 4“ "f f ^ 

where ei, fa are the error values found in the mathe- 
matical model 

2, Corrected average. The corrected average deletes all 
points that are 

^> 0.03 

D 

The corrected average therefore is derived from the 
equation 



where K is the value of the data points remaining. For the 
first approximation, and since the errors calculated are 
small, the new measurement value is 

Mz ^ D ^ (1 — t;) \/rj ± ± i 

where 


D-D 



when* r; — th(' percent differenci* of the averages, which 
means that if the corrected value is within a small per- 
centage of the initial average, then the error is reduced 
by the factor (1 — rj). For example, if the corrected value 
is at 95% of the initial value, then the error is corrected 
by (1 — 0.05) = 0.95. Therefore, for the case of 100 mA 
the error in short-circuit current is (0.95) (0.50 niA) = 
0.475 mA, which equals ^ 0.475%. In case of larger 
a\^erage difference, the first approximation will not hold. 

C. Conclusion 

The accuracy of the balloon flight telemetry measure- 
ment is within ±0.50% of the actual reading (short- 
circuit current) for 100-mA measurement by averaging 
the data points and is reduced to ±0.475% by the cor- 
rected average computation if the corrected average is 
within 95% of the initial average. The biggest portion of 
this error is attributed to the multiplexer amplifier gain 
factor and associated error. 


X. Conclusions 

Solar cell calibration using the high-altitude balloon 
flight technique has been performed by JPL since 1962. 
Tabie 10 provides a list of data gathered on one particular 
standard solar cell (BFS-17A) over a nine-year period (Ref. 
3). This cell was used as a reference on nearly every 
balloon flight including those discussed herein and has 
repeated its average calibration value in each instance to 
better than 1%. From this data, two conclusions can be 
stated: (1) that the balloon flight system has maintained 
excellent stability over the yeais, and (2) that silicon solar 
cells are reliable as standards over a long term if properly 
maintained. Another important conclusion established 
from these series of balloon flights is that new high- 
efficiency cells which have increased spectral response 
characteristics beyond the region of 0.4 to 1.2 microme- 
ters~or, more specifically, have increased enhancement 
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between 0.3 to 0.6 micrometers--bave shown significant 
increase in eartb’-space efficiencies. However, these 
increases can also readily detected to within 1.5% 
under present-day close filtered xenon solar simulators. 
The solar cell calibration program is a continuing program 


designed to fill the need for AMO c^ibrated solar cells. 
The use of high-altitude balloons has once again proved to 
be a feasible, reliable, and economical method of 
obtaining data on newly developed photovoltaic devices as 
well as typical production-type standards. 


Table 10. R#|Matablllfy of standard solar caN 1FS-17A for 23 fNchts ovor a 9-ytar porlod 


Flight dste 

Output, mA 

Flight date 

Output, mA 

9/5/63 

60.07 

8/4/67 

59.83 


60.43 

8/10/67 

60.02 

mi(>4 

60.17 

7/19/68 

60.31 

TI2BI6S 

59.90 

7/29/68 

60.20 

8/9/65 

59.90 

8/26/69 

60.37 

8/13/65 

59.93 

9/8/69 

60.17 

7/29/66 

60.67 

7/28/70 

60.42 

8/4/66 

60.25 

8/5/70 

60.32 

BlUIbb 

60.15 

2/16/74 

59.73 

SI2blbb 

60.02 

4/5/74 

60.37 

TIlAlbl 

60.06 

4/23/74 

60.37 

mstbi 

60.02 

5/8/74 

60.36 

Average \ ^60,16 

Maximum deviation from X =0.8% 

Each data point is an average of 20-30 data points from flight for period 9/5/63 to 8/5/70. 

For flights beginning in 2/16/74, each data point is an aveuge of 100 or more data points from each flight. 

All data are normalized to 1 AU and to a cell temperature of 301 .15 K (28^0. 
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